. Introduction The apatite family, represented by the formula of "M10 (ZO4)6X2", is the minerals that belong to the hexagonal system: M=Ca2+, Ba2+, Mg2+, Sr2+, Pb2+, Cd2+, Zn2+, Ni2+, Fe3+, Al3+ or La3+; Z=P5+, Ass, V5+, S6+ or Si4+; X=F-, OH-, Cl-, Br-, CO32-, O2_ or vacancies.1) An apatite is regarded as a hydroxyapatite (Ca10 (PO4)6(OH)2; HAp) when M=Ca, Z=P and X=OH. The HAp is the chief inorganic component of the living bone and teeth in a human body. Many researchers have reported various syn thesis techniques2)-4) for the HAp powder and their powder properties such as sinterability,5) ion-exchange for harmful ions,6) protein adsorption,7) solid ionics8) and catalysis.9) In addition, the HAp ceramics have an excellent biocom patibility in vivo and in vitro. [10] [11] [12] Little information on preparation of various apatite powders, except for HAp, their powder properties and sinterabilities have been available yet. In addition, the ceramic processing of such apatite powders, except for HAp, has not been completely established so far. For exam ple, although strontiumapatite (Sr10(PO4)6(OH)2; SrAp) was prepared by various processes, i.e., dry process by the solid-state reaction,13) and wet process by coprecipita tion,14) hydrothermal treatment15) and homogeneous precipitation,16) there are no reports about fabrication of the dense ceramics with high density using these powders or any evaluation of the ceramics.
We have reported the powder properties and sinterabilities of calcium phosphates with various Ca/P molar ratios, i.e., HAp (Ca/P=1.67),17)-19) tricalcium phos phate (Ca3(PO4)2; Ca/P=1.50), 20), 21) calcium diphosphate (Ca2P2O7; Ca/P=1.00)21), 22) and calcium metaphosphate (Ca(PO3)2, Ca/P=0.50), 21), 22) prepared by the spray pyrolysis technique, using a two-fluid nozzle or an ultra sonic vibrator. The spray-pyrolysis technique is one of the powder preparation techniques for ceramics via the liquid phase.23) This technique may be useful for preparing the ceramics powders instantaneously by spraying the solu tions with the desired amounts of cations into the hot zone of an electric furnace. This technique is effective for the preparation of apatite-family members containing the hydroxyl group, because the powder is directly prepared in a steam atmosphere during spray-pyrolysis.l7)-19), 24) This technique has further advantages that one can obtain the stoichiometric and homogeneous compounds, since the com position of droplets may be in close agreement with that of the final products obtained by spray-pyrolyses.
We prepared the SrAp powder by the ultrasonic spray pyrolysis technique in order to clarify the preparation condi tions of apatite powders except for HAp and the sinterabili ty for the fabrication of dense ceramics. Some properties of the SrAp may be useful in fields of biomaterials, ion ex changes, protein adsorption, the solid Tonics and catalysts. The purposes of the present investigation were to (i) make clear the best preparation conditions of SrAp powders, (ii) to characterize the resulting powders and (iii) to examine the sinterabilities of such powders.
2. Experimental procedure 2.1 Preparation of the strontiumapatite powders The apparatus used for ultrasonic spray-pyrolysis was composed of an atomizer (ultrasonic vibrator with frequen cy of 2.4MHz), a heating zone (fused silica tube: I.D. 2.5 cm and height 1m; electric furnace: I.D. 3cm and height 60cm) and a powder collecting zone (test-tube type filter), as reported previously.18), 19) The hot zone in this apparatus had two electric furnaces; the lower furnace was used for the drying of droplets and the upper furnace for the spray pyrolysis.
Three kinds of the starting solutions with Sr/P molar ratio of 1.67 were prepared by mixing Sr(NO3)2, (NH4)2 HPO4 and HNO3. Table 1 shows the compositions of the starting solutions and the temperatures for spray-pyrolyses. These solutions were prepared in order to make clear the effect of concentration of the starting solution on some pro perties of the SrAp powder. Using the ultrasonic vibrator, we sprayed the above solutions into the heating zone of elec tric furnaces to prepare the SrAp powders. About 0.5 to 3. Results and discussion 3.1 Characterization of the resulting SrAp powder The sample powders (Nos. 1 to 3) were prepared in order to examine the effect of the concentration of the star ting solution on the powder properties of SrAp. Figure 1 shows the XRD patterns of sample powders (Nos. 1 to 3) prepared from the starting solutions with various concentra tions of Sr2+ and PO43-. The crystalline phase of resulting powders was only SrAp25) and no by-products were present in these powders. 
